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OKHCJIEHHE CyECTPATOB IJHKJIA KPEECA 
MHTOXOHftPHHMH EURYTREMA PANCREATICUM 


3. A. IIIecTaK 

BHOJIOrO-nOHBeHHBIH HHCTHTyT ^BHIJ AH CCCP, BjiaflHBOCTOK 

MHTOXOH,nipHH MbimeHHOH TKaHH TpeMaTOflbi Eurytrema pancreaticum okhcjihjih cyK- 
ipmaT, naoi^HTpaT, n,HcaKOHHTaT, oKcajiaijeTaT, a-KeTorjiyTapaT, MajiaT, airrpaT, <f>yMapaT 
h nnpyBaT. 

OcHOBHLie $yHKH,HH MHTOXOHftpHH H03B0H0HHLIX — OKHCJieHHe CySCTpaTOB 
ipiKJia Kpe6ca, TpaHcnopT hohob Boflopo^a h ajieKTpoHOB no ^LixaTejibHon 
n,enn Ha MOJieKyjiapHLra Kncjiopo,n; n o6pa30BaHne ATO. BnoxHMHaecKHe hc- 
cjieAOBaHHH napa3HTHHecKHX aepBefi roBopaT o cynjecTBOBaHHH y hhx otkjio- 
HeHHH ot SnoxHMHaecKHx npon,eccoB, nponcxoftanpix y ho3Bohohhlix. J\o- 
CTaTOHHo no,n;po6Ho $epMeHTLi ipmjia Kpe6ca H3yaeHLi y HeMaToji; b npoTH- 
bohojiojkhoctb ApyroMy KJiaccy — TpeMaTOji;. H 3 TpeMaTOji; HanSojiee hojiho 
H3yaeHa $acn,HOJia. B TKaHax $acn,HOJi 6lijih o6Hapy>KeHLi caeftyiomHe 3H3hmli 
n,HKJia Kpe6ca: aKOHHTa3a, H30H,HTpaT,n;erH,n;poreHa3a, cyKipmaTfternftpore- 
Ha3a, $yMapa3a, $yMapaTpe,n;yKTa3a, MaJiaT,n;erH,n;poreHa3a, iprrpaTCHHTasa, 
TJiyTaMaTji;erHji;poreHa3a. Hh3Khh ypoBeHB aKTHBHOCTH aKOHHTa3Li, HA^O- 
cnen,H$HaHOH Hsoi^HTpaT^ernflporeHasLi, CBHfleTejibCTByeT 0 tom, hto h,hkji 
TpHKapSoHOBLix khcjiot (U,TK) y (JmcijHOJi HMeeT MeHtmee 3HaaeHne, aeM 
y no3BOHoaHLix (Prichard, Schofield, 1968; Zoeten, Tipker, 1969; BeHe^nKTOB, 
1971). Bee 3H3hmli U,TK 6lijih o6Hapy>KeHLi b TKaHax Dicrocoelium dendriti- 
cum (Kohler, Hanselmann, 1973). ToMoreHaTLi ann,, jihhhhok h nojioB03pejiLix 
Paragonimus westermani n P. miyazakii ycKopaJin BoccTaHOBJieHne MeTHJie- 
HOBOH CHHH B HpHCyTCTBHH CyKH,HHaTa, OC-KeTOrJiyTapaTa, H30H,HTpaTa H 

MaJiaTa (Hamajima, 1972). Ha ocHOBaHHH noJiyaemiLix pe 3 yjibTaTOB aBTop 
npe^nojiaraeT bo3mojkhoctl (JjymopioHHpoBaHHa L(TK Ha Bcex CTa^nax pa3- 
bhthh Paragonimus . 

06beKTOM Harnero H3yaeHna 6mia TpeMaTO,n;a Eurytrema pancreaticum 
H3 noftOTpafla Fasciolata , ceM. Dicrocoeliidae , napa3HTHpyioiri;aa b npoTOKax 
noflBKeJiy^OHHOH >KeJie3H KpynHoro poraToro CKOTa. PaSoTa BLinojmeHa Ha 
nojiOB03pejiLix 9ypnTpeMax, coBepmeHHo He H3yaeHHBix b 6noxHMHaecKOM 
OTHOHieHHH. 


MATEPHAJI H METOflbl HCCJIEflOBAHHH 

Mhtoxoh^phh H3 aypHTpeM BLi^eJiaJin no MeTO^HKe npnaapfta h HIo$ejiji;a 
(Prichard, Schofield, 1968). OKHCJiHTeJiBHBie npon,eccLi H3yaajm no MeTojpiKe 
BeHe^HKTOBa (1963) c (^eppnipiaHHftOM Kajina b KaaecTBe HCKyccTBeHHoro 
aKH,enTopa 3 JieKTpoHOB. OnTHaecKyio hjiothoctb cycneH3HH BBmeJieHHBix mh- 
toxoh^phh H3MepaJin npH 520 hm Ha C<P-4A. BejioK onpe^ejiajin no Jloypn 
(Lowry et al., 1951). MaTepnaJiBi o6pa6oTaHLi CTaTHCTnaecKH (AcaTnaHH, 
1965). 
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PE3yjIbTATBI H 0ECY2KAEHHE 


Ha6yxaHne mhtoxohaphh BBi3LiBaeTca cyScTpaTaMH, KOTopBie nocTaBjiaiOT 
ajieKTpoHLi b ocHOBHyio u,enL AuxaHHa. Mhtoxohaphh aypHTpeM oSjiaAaiOT 
cnoco6HOCTLio k cnoHTaHHOMy Ha6yxaHHio, k Ha6yxaHHio b npncyTCTBHH cy6- 
CTpaTa OKHCJieHHH, napaxjiopMepKypHn6eH3oaTa (n-xM6); BBmeJieHHBie mh¬ 
toxohaphh ayBCTBHTeJiLHLi k K + h PO+ 3 h He HyBCTBHTeJiLHLi k HOHaM Ga 2+ ; 
ATO h hohli Mg 2+ CTa6njiH3HpyiOT hx CTpyKTypy. 

MHTOXOHAPHH aypHTpeM BOCCTaHaBJIHBaJIH (leppHI^HaHHA KaJIHH 6e3 AO- 
6aBjieHHH cy6cTpaTOB OKHCJieHHH. 9H,noreHHoe OKncjieHne 6 bijio ayBCTBHTejiBHO 
k ,n;o6aBjieHHK) HA,D,, ATO, MajiOHaTa n 6eH3oaTa (Ta6ji. 1). jih BLiacHeHna 
npupoftbi cy6cTpaTa, OKHCJiaeMoro npn shaotchhom npoijecce, k cycneH3HH 
BBIAeJieHHBIX MHTOXOHAPHH AoSaBJIHJIH paCTBOpLI MaJIOHOBOH H 6eH30HH0H 
khcjiot. H3BecTHO, hto MajiOHaT aBjiaeTca HHrnhHTopoM cyKijHHaTAerHApo- 
reHa3Li, a 6eH3oaT TopM03HT OKncjieHne jkhphbix khcjiot b mhtoxohaphhx 
n03B0H0HHLIX. Hh MaJIOHaT, HH 6eH- 
3oaT He HHrH6npoBajin npou,ecc bhao- 
reHHoro OKHCJieHHH b mhtoxohaphhx 
aypHTpeM B npOTHBOnOJIOHOIOCTB MH- 
TOXOHApHHM, BBIAeJieHHBIM H3 TKaHefi 
n03B0H0HHLIX H ApyrHX TeJILMHHTOB 

(Van Grembergen, 1949; Massey, Ro¬ 
gers, 1950; Goldberg, 1957; Saz, 

Vidrine, 1959; Nogawa, 1961; Oka- 
moto et al., 1962; EeHeAHKTOB, 1967; 

Warren, 1965; BepTHHCKaa, 1971). 

BtmeJieHHLie H3 aypnTpeM mhtoxoh- 

Apnn HHTeHCHBHO OKHCJIHJIH CyKH,HHaT 

(TabJi. 2). 3tot npon;ecc npoTenaji jihhchho b TeaeHne 30 mhh., hto CBHAeTejiB- 
CTBOBaao o CTaSnjiBHOCTH cyKH,HHAern^poreHa 3 Horo KOMnjieKca. B 9tom 
OTHOineHHH 3 ypnTpeMa, nan h Apyrne reJiBMHHTBi (ahkpoiojihhabi, $acu;HOJiBi, 
acKapn^Bi, acKapnAHH, Men;HCTOH,HppycH), He hbjihiotch HCKjnoaeHHeM: 
cyKn;HHaTAerHAporeHa 3 a npoaHO cBa 3 aHa co crpyKTypon mhtoxohaphh. 
MajiOHaT b BKBHMOjiapHon KOHH,eHTpan,HH yrHeTaji OKncjieHne cyKH,HHaTa 
mhtoxohaphhmh 3 ypHTpeM Ha 31%, ho 3 HawrejiLHO MeHLine, aeM OTMeaeHO 
y Apyrnx reJiLMHHTOB (Massey, Rogers, 1950; Saz, Vidrine, 1959; Vernberg, 
Hunter, 1960; Nogawa, 1961; Okamoto et al., 1962; Warren, 1965; EeHeAHK- 
tob, 1967, 1971; BepTHHCKaa, 1972; IIIecTaK, 1973). OflHaKO hh3Khh ehth- 
SnTopHLiH 3(J)(J)eKT MajiOHaTa 6liji OTMeaeH h y $acn,HOJi (Van Grembergen, 
1949; Prichard, Schofield, 1968). OKHCJieHHe cynipmaTa y aypHTpeM TopMO- 
3 hjiocl AoSaBjieHHeM n-xM 6 Ha 45%. Tanoe cbohctbo u-xm6 OTMeaeHO rjih. 
MHTOXOHAPHH n 03 B 0 H 0 HHBIX H reJiLMHHTOB (Goodwin, I960; BeHeSHKTOB, 
1967; BepTHHCKaa, 1972; IIIecTaK, 1973) h CBHAeTeJiBCTByeT o tom, hto n-xM 6 
He nojiHOCTLio SjiOKHpyeT cyjib(|)rHApHJiBHBie rpynm>i cyKH,HHaTAerHApore- 
Ha 3 LI. 

CycneH3HH rpaHyji, BBiAejieHHBix H3 aypHTpeM, cnocobHa okhcjihtl H30- 
u,HTpaT (Ta6ji. 2). BBeAeHne HA J\ b HHKy6an,HOHHyio cpeAy yBeJinuHBaJio 
OKHCJieHHe cybcTpaTa Ha 66%, a HA^O — Ha 172%. 3to CBHAeTeJiBCTByeT 
o npncyTCTBHH b TKaHax^ aypHTpeM HA,H,- h HA 30 - 3 aBHCHMLix H3on,HTpaT- 
AerHAporeHa3 h chocoShocth TKaHen o6pa30BBiBaTB oc-KeTorjiyTapaT. 
ATO, hbjihhcl HHrH6HTopoMH3on,HTpaTAerHAporeHa3Li, yrHeTajia npon,ecc OKHC¬ 
JieHHH H3on,HTpaTa. BBeAeHne ATO b cpe^y c cyScTpaTOM h KocJaKTopoM npn- 
boahjio k yrHeTeHHio npon,ecca okhcjichkh Ha 16%. B mhtoxohaphhx $acn,HOJi 
6i>ijia obHapymeHa HH3Kaa aKTHBHOCTL HA,IJO-3aBHCHM0H H3 oh,htp aTAerHApo- 
reHa 3 H, HA^-saBHCHMaa OTcyTCTBOBaJia (Prichard, Schofield, 1968). Ochob- 
Haa aKTHBHOCTL HA,H,O-3aBHCHM0H H3on,HTpaTAerHAporeHa3Li fiHJia o6Ha- 
pymeHa b rHajionjia3Me $acn,HOJi. 3 to corjiacyeTca c cooSochhhmh Kejiepa 
h XaHceJiLMaHa (Kohler, Hanselmann, 1973), H3yaaBiHHMH BHyTpnKjieToa- 
Hoe pacnpeAeJieHHe 3H3 hmob I(TK b Dicrocoelium dendriticum. AKTHBHaa 
H3on,HTpaTAerHAporeHa3a 6mia ohHapymeHa b iopnapnax h B3pocjiLix Schi- 


Ta6 JiHAa 1 


BjIHHHHe HHrH6HTOpOB H KO(j)aKTOpOB 
Ha HHTeHCHBHOCTb 3HAoreHHoro 
OKHCJieHHH MHTOXOHApHHMH 3ypHTpeM 


Ko$aKTop, 

HHrnSiiTop 

KOHpeHTpaPHH 
(B MKMOJIHX) 

CTHMyjIHPHH, 

TOpMOHteHHe 
(B %) 

HA A 

0.2 

+81 

ATO 

3.0 

+112 

MajiOHaT 

20.0 

+93 

EeH3oaT 

10.0 

+77 
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stosoma mansoni h S. mattheei (Coles, 1973). OftHaKO b mhtoxoh^phhx no3BO- 
hohhbix npeodjia^aeT HA^-3aBHCHMan Hsoi^HTpaTAern^poreHasa (Ernster, 
Glasky, 1960). 

MHTOXOH^pHH aypHTpeM OKHCJIHJIH IJHC-aKOHHTOByK) KHCJIOTy, HHTeHCHB- 
hoctl oKHCJieHHH cyScTpaTa 6mia b 1.7 pa3a BBime 9H,n;oreHHoro okhcjighhh. 
3to CBH,n;eTejiLCTByeT o npncyTCTBHH b mhtoxoh^phhx aypnTpeM aKOHHTa3fci. 
Ilpn BBe,n;eHHH b HHKySai^HOHHyio cpe,n;y HA^ HaSjuo^ajiocB yBejinneHne 
oKHCjiHTejifcHoii ciiocoShocth Ha 60%. Akthbhoctb 3Toro npon;ecca 6mia H3y- 
neHa TaK>ne b mhtoxoh^phhx ^HKpoiiiejiHH,!]; (Kohler, Hanselmann, 1973) 
h acKapn^HH (BepTHHCKan, 1971). B mhtoxoh^phhx $acn;HOJi aKOHHTa3a He 
fimia o6Hapy>KeHa (Prichard, Schofield, 1968), He oSHapynmH 9tot $epMeHT 
H B MHTOXOHftpHHX MeijHCTOijHppycoB (IIIecTaK, 1973). 

BH,n;ejieHHLie H3 aypHTpeM mhtoxoh^phh cnocoSHH okhcjihtb 0 Kcajian;eTaT 
(Ta6jl. 2). HHTeHCHBHOCTB OKHCJieHHH 3TOrO CySCTpaTa ftOCTaTOHHO BBICOKa. 

j^o6aBjieHHe HA,!], k HHKySaijHOHHOH cpe,n;e yBejiHHHBajio oKHCJiHTejiBHyio 
CnOCoSHOCTB MHTOXOHftpHH Ha 41%. 

T a 6 ji hd, a 2 

HHTeHCHBHOCTb OKHCJieHHH pa 3 JIHHHbIX cyScTpaTOB IJTK 
MHTOXOHftpHHMH OypHTpeM (b MKMOJIflX BOCCTaHOBJICHHOTO 

K 3 Fe(CN) 6 /Mr 6 ejiKa /30 mhh) 


CyGcTpaT OKHCJieHHH 

HHTeHCHBHOCTb 

OKHCJieHHH 

p 

9HAoreHHoe OKHCJieHHe 

CyKinmaT 

2.56+0.35 

8.90+0.73 

< 0.01 

M30II,HTpaT 

4.44+0.78 

< 0.05 

IlHCaKOHHTaT 

4.44+0.64 

< 0.02 

OncajianeTaT 

4.40+0.63 

< 0.02 

a-neTorjiyTapaT 

4.06+0.52 

< 0.01 

MajiaT 

3.75+0.49 

< 0.01 

(DyMapaT 

3.39+0.51 

=0.001 

RupyBaT 

3.27+0.47 

< 0.02 

U,HTpaT 

3.33 + 0.47 

< 0.001 


CycneH3HH BBij^ejieHHBix H3 3ypHTpeM mhtoxoh^phh OKHCJiHJia a-KeTo- 
rjiyrapoByio KHCJIOTy (Ta6ji. 2), hto CBH,n;eTejiBCTByeT o npHcyTCTBHH b mhto- 
xoh^phhx a-KeTorjiyTapaT,n;erHj];poreHa3Bi. BeHe^HKTOB (1971) He oSHapynuui 
OKHCJieHHH mhtoxoh^phhmh (jjacipiojiBi a-KeTorjiyTapaTa, a npHnap# h HIo- 
$eji# (1968) o6Hapy>KHjiH y $acn;HOJi aKTHBHyio a-oKcorjiyTapaT^ern^pore- 
Ha3y. y ftHKponiejiHH,]]; oTMenajicn oneHB hh3Khh ypoBeHB a-KeTorjiyTapaT- 
jiierH^poreHaBBi (Kohler, Hanselmann, 1973). HA^ yBejiHHHBaji oKHCjnrrejiB- 
Hyio aKTHBHOCTB cyScTpaTa mhtoxoh^phhmh aypHTpeM Ha 97%, a A JS<S) — 
Ha 76%. II-xm 6 He topmo3hji, a ,n;a>Ke yBejiHHHBaji npoijecc OKHCJieHHH 
a-KeTorjiyTapaTa mhtoxoh^phhmh aypHTpeM Ha 27%. 

Mhtoxoh^phh aypHTpeM okhcjihjih nSjiOHHyio KHCJIOTy (TaSji. 2). ^o6aB- 
jieHHBiii b cpe,n;y HHKy6an;HH HAJ\ yBejiHHHBaji npon;ecc OKHCJieHHH MajiaTa Ha 
112%, hto roBopHT o npHcyTCTBHH MaJiaT,n;erH,n;poreHa3Bi. Ho^o6ho mhto- 
xoh^phhm no3BOHOHHBix, oKHCJieHHe MajiaTa npoHcxo^HT npn Henocpe^CTBeH- 
hom ynacTHH HA,!],. MajiaT,n;erH,n;poreHa3a o6Hapy>KeHa b mhtoxoh^phhx 
$ acn;HOJi h mncT030M (Prichard, Schofield, 1968; Zoeten, Tipker, 1969; BeHe- 
ftHKTOB, 1971; Coles, 1973). KaTajiHTHnecKHe KOJinnecTBa AJ\<£> 3aMeTH0 ycno- 
Phjih npon;ecc conpH?KeHHoro $oc(|)opHjiHpoBaHHH y aypHTpeM. y no3BOHOH- 
HBIX flJIH MaKCHMaJIBHOH CKOpOCTH OKHCJieHHH HA^-3aBHCHMBIX CySCTpaTOB 
b npHcyTCTBHH (^eppHi^Hamma KajiHH TpeSyeTCH o6n3aTejiBHoe npncyTCTBHe 
A^O. 9 to cnpaBe^jiHBO ajih mhtoxoh^phh acKapH#, acKapn^HH h MeijHCTO- 
HiHppycoB (BeHe^nKTOB, 1967; Cheah, Chance, 1970; BepTHHCKan, 1972; 
IIIecTaK, 1973). H3BecTHO, hto aKTHBHOCTB MajiaTji;erHji;poreHa3Bi y no3BOHOH- 
hbix SjioKnpyeTCH n-xM6. BbmejieHHBie H3 aypHTpeM mhtoxoh^phh b npHcyT¬ 
CTBHH MajiaTa He HHrndHpoBajiHCB n-xM6. 
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Bi>i,n;ejieHHLie H3 aypnTpeM mhtoxoh^phh okhcjihjih $yMapoByio KncjiOTy 
(TaSji. 2), hto roBopuT o npncyTCTBHH $yMapaT,n;erH,nporeHa3Li. EeHe^HKTOB 
(1971) b MHTOxoHftpirax ^acpnoji He o6Hapy>KHJi $yMapaT/j;erH^poreHa3y, 
a o6Hapy>KHJi $yMapaTpe,n;yKTa3y. BBe,n;eHHe KaTajiHTHHecKnx KOJinnecTB 
HAyBeJIHHHBajIO HHTeHCHBHOCTL OKHCJieHHH CySCTpaTa MHTOXOHftpHHMH 

aypirrpeM Ha 76%, a A,H,® — Ha 67%. H-xm 6 He yraeTaji npopecc OKHCJieHHH 
$yMapaTa, a ^;a>Ke yBejiHHHBaji Ha 26%. 

Mhtoxoh^phh, BLi/iiejieHHBie H3 TKaHen aypHTpeM, okhcjihjih jiHMOHHyio 
KncjiOTy (Ta6ji. 2). ,H,o6aBjieHHe KaTajnraHiecKHx KOJinnecTB HA,H,® BBi 3 BiBajio 
yBejiHHeHne HHTeHCHBHOCTH npopecca Ha 40%. 9to ein;e pa3 noftTBepH^aeT 

npHCyTCTBHe B TKaHHX OypHTpeM aKOHHTa3BI. 

BBiJia OTMeneHa choco6hoctb mhtoxoh^phh aypHTpeM okhcjihtb nnpyBaT, 
HHTeHCHBHocTB OKHCJieHHH cyScTpaTa SBIJia Ha 27% BBIHie 3H^;oreHHOrO. Mo- 
me? 6bitb, OKHCjieHne nnpyBaTa HMeeT MecTO b ochobhom b n,HTonjia3Me: b jih- 
TepaType BCTpenaiOTCH yKa3aHHH Ha to, hto Kamnipj TKaHen acKapHALi okhc- 
jihiot nnpyBaT, npnneM 3 tot npopecc conpoBO>K,n;aeTCH $oc$opHjinpoBaHHeM 
(Chin, Bueding, 1954). Mhtoxoh^phh acKapn# He co^;ep>KaT aKTHBHOH nnpy- 
BaT^erH^;poreHa3Bi (Seidman, Entner, 1961), to >Ke HaSjiio^ajiocB h y Meipt- 
CTopnppycoB (IIIecTaK, 1973). ,H,o6aBJieHHe KaTajiHTHuecKHX KOJinuecTB 
HA,H, yBejiHHHBajio hht6hchbhoctb OKHCJieHHH cyScTpaTa mhtoxoh^phhmh 
aypHTpeM Ha 52%. BeHe^HKTOB (1971) He Hadjiio^aji OKHCJieHHH nnpyBaTa 
MHTOXOHftpHHMH (fraCIJHOJI. 

IIoftBOftH HTOT HaiHHM HCCJie^OBaHHHM, MO?KHO CKa3aTB, HTO BBI^eJieHHBie 
H3 aypHTpeM MHTOXOHftpHH no CBOHM OnTHUeCKHM H SnOXHMHUeCKHM CBOHCTBaM 
6JIH3KH K MHTOXOHftpHHM ftpyTHX H3yueHHBIX reJIBMHHTOB H n03B0H0HHBIX. 

Mhtoxoh^phh aypHTpeM cnocoSHBi hht6hchbho okhcjihtb cyKipmaT, h30h;h- 
TpaT-pnc-aKOHHTaT, oKcajiapeTaT, a-KeTorjiyTapaT, h MeHee hht6hchbho — 
MajiaT, $yMapaT, pHTpaT h nnpyBaT. BBe^eHne KaTajiHTHuecKnx kojihucctb 
HA,H, BBi3BiBajio yBejinneHHe hht6hchbhocth okhcjiohhh H3opHTpaTa, h;hc- 
aKOHHTaTa, oKcajiapeTaTa, oc-KeTornyTapaTa, MaJiaTa, $yMapaTa h nnpyBaTa, 
a HAft® — H3on;HTpaTa h iprrpaTa. 
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OXIDATION OF THE SUBSTRATES OF KREBS’ CYCLE 
BY MITOCHONDRIA OF EURYTREMA PANCREATICUM 


E. A. Shestak 
SUMMARY 

From tissues of E. pancreaticum were isolated mitochondria capable to swell under 
the effect of some factors. The intensive oxidation of succinate, isocitrate, cisaconitate, 
oxalacetate and a-ketoglutarate by mitochondria and less intensive one of malate, fuma- 
rate, citrate and pyruvate were shown. NAD caused the rise in oxidation intensity of iso¬ 
citrate, cis-aconitate, oxalacetate, a-ketoglutarate, malate, fumarate and pyruvate 
while NADP — of isocitrate and citrate. 



